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Rt totrj % fgpsRT at fftF epfr gan ? 



3i if '(to arf^rsftcr (Isaac Asimov) 

f^ft 3RpnP(: ST. TRT. ft. ftR 

(3n$wf» 3ifftftl'ci tjhp c^rpr cb^r^hcbR ft ftr ft np2rr-pn1|^R ft fftft ftHR ft 

PTfRcRT ^R'fti ft ft tJHp ft cTf ftrilftch 3irft^wft/ftcPTfti ft 3ft tftftRPT ft ^cJT 
3T2ICH cP£ ofr pftT tftftGRT R|t ft 3Pft 3ft fftpnPT ft RcHc'cbR ftt FT? 3Rft ftr UfftSTT 3Rft 
2ft.) 

ft cb^lPrvqj ctsHltftcP R22T ft ERFcJ fasHM ft HRTTRTlfl^T ft! ftSft ftPTT ft TT2T3T &TR 2500 
clft ft 3ft tjcj- ftlftt (Greeks) ft WTPJ ftt cRMHl ftT. 3Rft RRT RRprfftfi garm Rft ft, 
ERTtfft ft^ft ft fftft TORTUJ 3Tlft ?JJf3T ft. cR ft 3lftPP ft?niftftt ft TRnftt 3RT WTM ftft- 
ftft TRPfftT ftft ^rft. 3TST WTPpft cpr 3Tfftdc'cr TFT3ft ftt PUR ft fPT PRf ^ PRPT Pfftft ft 
3H'fH'«f> 3H fftl cHYg ft f¥T Epf&R tftRT ft 3HftM>R ftt 3RR-3)Tg 3Rft ejlpfr EPflftt 5FTT ft. 



1 . WTR 5 ftt ^ho-qdHI 

ERIT cpaft gjfft ftftft PRpT-cTcT ftt ft ftRT ft? Rf R^Tft ft rjcp 3 Rt gcfft ft) 3Tlfft IftRlft 
ftTT, erjt Opll Rift (?? 

ftft cJ3T fpfft ifttjiC 3TT3Tt, ftt c|3T ftR PTcpft ft fft Rf EfiftR SITP^ ft PRJ cfitrit ft gRT jg3TT 
ft gar cjvts ppg^ -hp ftt jsrart H2rr fnftr amftt ftjifftft ft ft ftft-ftft frftr ft. trp 

prg ftt d,j-fift f2tftt ttt fft^p Rift, fpift artfttftp ^qftr stipj; ftr frcft ft. 

ERIT Rf PT^ ^PR 51TPJ( c}tT PJSPRPRT gRTST ft? 3RT TJ3T ZRT PTEJ cptrr ftt tjcji cfiftR tjeaR ER 

pr cjr ft ftft. crit fft 3 ftr ppj cpofr ft fftqfftT hr mfttft? erit ppr fprft wr 
tftftt TRP PT^ EPW ftt 3ttp Slf^ftF) PP 5 ^Pftt ft tftftftT c}R mattft? ERIT ^3T ftpU Plftl cJRft 
pftft? 



fftp gar trp eprrt ftt R2rr ^ftt anftr ft ^ arrft eprtpt ftr gR: auft ft <Pift, nan 

3PT PPT iftft JEpt ftr g?T: 3TTft ft, fPT ^PR ^TRft pft. ERTT ^ ftnT Plftl ERft pftft? 



2500 ^cT, PRT3RT 450 f?lT tjtr, tRP tfPP S^ff^ (philosopher) 3T2RTT QfT^r t5T? (scholar) 
£ g# tp ftRRT jf fcRn? f^n. 3?RPT RRT d^Rfu^H (Leucippus) 5JT. SRRPf Hji2RT 
cfft 3TFF1 3^ cRff 3flR)r^ PRTT ftp ftp-tfl 3fl tRH'Sf' cffT PRJ, *RT H^IT 3ffT cTEJ ^ •d^cj 
cT^h RjtjRlcI ftpRT oTT -d<4>dl t?. ^t-^-cp^t Rf $-d<4>l 3fcT ^RlT ^RTT. ftfRfl tRP 3RR=2 jt tR 
ij3T c}tut rj^ Tjptt, 3fr fH^rr stRRp ^rtt ftp fRRpr 3fR arf^PP ftp^T 

^m\. 




d'^U^H 3 tT ^Ifth'd^ (Democritus) 3TRT ^PT tRP f^r 2jj, ff5RT^ 3fT ftfl cR^ ftRTR ftfRTT. 
380 t^TT t^, 3RT ^cHIRP^H # 3J^g gf, cj^ s^JTO^ (Universe) tp f^Kidl rt prtsrt 7 2 
q^FU#i fpm ^ 2JI. Ruidl £ 2l|t 2JT ftp RRfK ?f SF^PP cR=g 3TR3TH d^ Hfrcrff ^T SRfl 

t 



dq; Hfrcrff qrl ^ftftPcJd 6RT f^RTT dRT dT3T ST^RfRT” (atomos) 2 jt, 3TT 3hR| uf^Ld” 
(unbreakable) 3T^ q^[ trfop QR£f 3Rp5fl £ ^ QR£( “aR® £ WROJ $ dRT. 

^Ifsbd^ £ fcRTR ftpRT ftp ddCJtjf dRTR fttf^Fd ^RPR tp U'{fl 1^3# ^T RdT ^ cRTT WJ3fl 
tp tFpJRT 3fR fI5 5T^t g2RP W1T0J i^T tp fM 3TF% 3JSdT 2f, tRdg oRT 3dTT £ 

3Rppf qtl ftrflRRT dRprff (combinations) £ ddRd (join) ftpRT dRT, df ^ RT3fT cRd^T SRft ^fl 
PT 3Rt^ RR} 3ff? 3RRf ftRTR ftpRT ftp WTl^S# qtf d 3UR3RT ftfRTT 3TT RT^PUT 

^ 3fR ?T ^1 3TF faRTT 3TT ^RPUT ^Rlft ^ 3RRfl cRRPf2jr (arrangement) ^ qftRPfo qR 
?RP^ fRT WFR, tRP 3RR $ MU'clfSd $ : H^PUT 

^>3)1 Rhd,^ ^ 5T^t ^ ^RPT 3RRPT ftr-WR RRf £. 3RRPf 5RT ^HT ^ ^PT 3TT3TRT |3TT. 
RR=g 3Tf^Ppt5T 3RR trfpp eifoff^pf ^Pf ^HT 3i^3RT ^TcfPcT 5T^t |3TT. cjlfd'cl $, 3l1^RP?RT 
yfe tfPP 5(f5ff^pf ^ ?l|t RlRT ftp WPP2 3lf^d'r<J ^ t, cT 2JT ^cHfftPd,^ tp fcRTR f^RRPl 
PT tH^|\JjclT(T (atomism) Hp^ %, 3RT: SRTRpftRT (unpopular) ^f 441. 





tftftftr cfiTcT ft, XfTSft ^*dft> fEdfftr&d %ft sft. ftpftl fcTQYcr q^cT* ftft xjzp ft 3lf£pP yfftfftft) 
^ fftft TITCJtft ij^pp qft ^T2T ft ft fftlsMI XTSdT 2JT. ^ 31?% xpf% q% 2JT, ?21T %?1 

fis ft 31?% dlcpRiii ^dcftj ftft 3if%i ?%rr ft yfttfoft) si%r 2ft. 



y-ftiftb ^ftiftbd,? ftft qxF?% cftcpftM %r sft, ^ ft yfttfoft) %r. ftft-ftft wro %?t 

xtFTT, xjzp TT^ xj^p yft%ft) d"? ftftT %t. 31131, 3?% ftpftf 3ft q^d'cp xfr Xjy 3ft 

yfftfftftr 3iR?dy ft ?ft ft ft Trsft qT% : ?w ft %r ft 3%i fft^idl ^ fftxpq- ft ma 

ftft XPT HPRtJT %ToT ^ £ ftp 313d 3%dcd ft ftft cTToft %% q^d'qft ft tftrfftxj? XPT 
3%^ £ ?2p 3?ftl qW°J3ft ^ fft%T ^ %SR1 ft 3%^ ft 

f% sft, Ifttlftxj? ftft y,?dcpt ft, qT%: fft^ji ftft fti xjft (Epicurus) ft 3% yci i drar 

?% WTTDjfft? SFT 7FTT. 306 ftFT qxft, 3% XT% (Athens), q^TFT (%T) ft xj^p f%T3FT 
?2jft% f%p, ftt 3? ?FFT Xjzp flfrdqu^ f%TT ftl£ 2JJ. Xjfftq^T Xjzp cft%% 3TSdptpp 2p, 
?2TT cTf: g2T3T c%p 2JT fft% 31% fcHlIcHil ft R%i qft f%T2ff ft, ft 3% %p. 3% 
XTSRTT ftp XFTSft cPFdTT ypfliujaft ft %T ft ?21T 3=TTFfT 31TdT £ ftp 3% %3%T ftmftt CR 
^-qvid'd 300 ijFdfti fftftt (2%ft yiftftr yEdfti diiHi'c-iid: iftftt ftftr 2ft). 





£lft RTF (long time) ft, fttp^FFT ip fft^lft # FftpfftFFTT 3ft F|t ftt FT2TT 3F% 

^h^p! # ft yfadft) yftr, nm fis ft ffr frp «isfr. sift ft ft ^rafr ftftrfftcjF # 
4 ) 't-d c P'l <ftf 3-lifcl o^iH ft <<l4) . 

tRFJ ,tRTn^3# ftft ch^MHl 3RRT Fft |f. FfftpF ft» 200 3$ tTOTFT, Rcrftp 3F£t fJFFfft: 
3lfftd"cd ft 2ft, tFP ftFF (Roman) ?ft?J tSHT, ^sbfeiF (Lucretius) LRcHF^d &FT FFT. 3Fft 
3fT fftt fftFR fcpRT ftp RFR MWuptf ft 3FT ft cRTSRT 56 fFT fjft, 3Fft ftfcf (Latin) 
sttft ft ttsp FFftr cpfftdi fFRft, fftFRi ftpfcp ftftftr ft ( • ‘on the nature of things” ) t? fftFRT 
arft t cPFga# rt FRany. 3F cpfftdi ft, ^fttlftxjF uef ftftcpR ft» fft^ift rt fftR|Ff cpftF 
fft^dPift ftf^TT- 

tjcr tRr aftfft, wnttptf # cp'c-Mdi Raft aft ftftpfftR Fft ft mftr. oftfeF eft Rfftdi # Rif 
fftfttsr yfftfoifi) Fft yftr. ftft ft ftiF tjcf Rtar Fa-RFrr fftf gf, yfftfofft-sR-yfftfftfft 
fftlgF ftFft Rftt, 3TST FIR ftp 3TFT ft ft> F^R RTF ft tjR 3ft yfftfftftT fty Fft Tft. 
IfttftPFJF, PftffRF tjcf Pjsbfei'-H ip F3ft ftR fcTcJfT ft FR, H2TT FftT 1TORT0J3# ip ftm ft 
3JF Jltl. 

FTFFRTFT 141 7 foft, ftpftl FR Rl 3TRft ft FR fJFftl FFgfcftft (manuscript) fftoft, Ft 

opPfcRT # cpfcjdi sfr rf^ yftiF Fy ft aifct<uFd aft. yrftiF ffr # ftk Rtf aft 

yf^rara R3ft 3ft y I <H dft gf. FRT dR, M ft> ch'I <J I y l^ld ol •isl'l ?) -t? h) ctc-| cH uf Sf, 3fcT: 

3rt ^ yi'ugfoifCi mF gf , ^ fF^r si^p wr yfctioiivi «isfr. 

1414 #, vdlfldd Jjidyj'l (Johann Gutenberg) FTF ip fPP (German) ^jffP ^ tAlUI'JsIlct 

(printing press) ^PT 3TfcpspR ftpFT. ^T2T ^ yl^lelftl SfFFT ^P F2JRT tR, ^Ld'cp' ^P F3fl QI&2T 
SRT/3txr ^ SRTRT ffRl. cW 5tx \ tR FFT^t PRTRPT R21T ^PRTFl tR 3ccl ^ yf^fft-ER- 

yftfdft # tsenf if F^t. ?f y^PR ^ft w^p ^rrp # f^p yf^rf^raT ?Rwtt ^ sir 

F^t. ?7RP F'FRT, y,FH^1 ip fcT^F”^ ^PT F^P? iRlfF FF HPF if FFT. 

TTfTofr tStfr gf t^Fd'chl $ if IFP $ pJsbfl'iF ^T cpftdl 2ft. 31^P ^UeJiRfijf ft ehf^dl ^Pt 
TJFT, H^IT ^5: ftm wrpjjaft 2ftr ^PoFFT ft trarrfftH gu. 3Fft ft fFP fftxft FFft^r (Pierre 
Gassendi) FIF ^PT yftfftftl (French) %ttU fftFT2ft SR, fftlFft 1 2cft QIFR^T ip ft 3lft^P 

FFlcl STFft RTcftT ^FFift> fftptft. 3F FFR 3ft 2jJpT ip Fftnp 3RR 5ft?T fftFT2ftfti ip fft^RT ft 
RTF SR FRIT 3=Rpf tRFT^aft tR 3Prft fcRnft ^T. 

fF yRR, cH^fftti^F ^P ftffftFP fftFR 2000 efft FRP Ffftd'Fd ft ft:. 3TT?jfftR FFR ft cfFT 
yfFrujdi'd, p^sbi^iF FtFRRQITFft chfcldl # Rftl Fftt fRP yfftfftfft ^P yfft ^FRT %. fftR 




afr, arr^pp ci^iPicb pcrt £r wiwptf m fcrnr? qR 3?r, tRa=g potr £ 3rk 
fcRTR ^ ^r^RTcTr 

2000 ci^ wrt ^ efkRT, ftR afr irp h^r stt hprw ft^idl ^ wtt^s# 

cJtT RSfkdl ^ PpfT f^RTT. tip 2JT ffp tRJTItJ cptlcH JJtp qi^-Mdl cf tRT 2f off ^ 5 ; ofPnf 

q^r h^p ?rth pri^t £r. 




$-d<+>i q^ y cH i u I /^srt pnfr 2jt. cpj^ afr Rp Fpfr q>p pppt ftp ppr q^ rfpsr ^ ^fr fcp^fr 
fcTOfcr ?M af cRcjpR qRpif ^.’’cRq^K zpT FR 3RPT ^PT IRP £f R?PPT 2 jt ffp Rp 5TFP PTRT 
ffp '-R'cHl'u] 3lR^dct| £ 




$it FTs-m ggi g?at fatal, fM qtr gafm frft airgQgg aq. fis fcr^Y^r gftf^arfttafr £ 
ggi2f ^ gqq^R gi 3T^ZRR 3TigQgg 2JT, Flfo gft$ig fogi FI ?RP 3Fgi cgqfR 
WTftga# IRT ^Tg - ftRTT FT F% 3T2jcq F^f. 

Ji>Hf£i gam fcf^mr at £ gg aq f^mat yTF'ig fcaq status tr fcigg at gftiF ftf 
giF g?at fyfal gafpq qRat ^Prf. FT^T ^P fcMN.1 gl FIFat giFt at ttg£ gRTF (Robert 
Boyle) FRT gi gg 3RlF mFRT QTRfl aq. g^ gam ^FlPlg aq fatRiat Wfl^J FfttrlcM 
a£r ^marram gr gafpq M. 




gram a£t gftt grg at 2 ft : sgiRm ^p fIt gr, fnat %rt agg^rr fcfvgT. gig; <5Rr a=qft sft ait 

FT B^P cT2JT 3i«-JcTl 3i Icjjfel <<sl B<t>, aj^r FF a8t cRi? FRF 3ft =T^t aft, off g^cft aft M-tc-^ 
^T FT FgFT aq ftp g^ ggr2f aq Ft 31?% gFFfl gm at $mFT aq. $jt ggist gt %*’ 

(gas) q^T tqgT. 

1662 at, gam at ajt% £ mt (frf aqg) gt 5 after Fa^ft J3iP£ter aft mft at 3 #ft 3fR 
3 rt. arcft cp Fg; 3TPq tr tjR gf gg gr teag, Fgfte> Fagr arnq tjft rm gag. 

Ja8t FFft gnt 3?pq at mki air gag Fag Fcft tr f^ gg gg agg tt gr^ ten gaft. Fg gfam 
at gate at 3fR arf^rg gig 3tFT. Ffctftg gtetramatgi^trfgsaiteaTQTgr 3 ft <£t 
3fR gtmT. after-aftet git: gl 3fR am, grft gig; 3fR iste: gaqg ^ gg trFfr. g^ gxftflF” 

(compressed) 2ft. qtgF at otlt-attt 3lf^fg mki 3^FT, gift ^ Ml <4, ts^l cl-3itT-t5f i ^aqg ^ 

gtfiHH ftcff gafr. 

gfgF ^ j i u mi a8t ftp gpj gm f^rg ggT gaqF gt" tr qgrl ^g sir ^ gar ^tcfT ggT. 
$gg1 grgF gi PlMtH” (Boyle’s Law ) g£cl 



gmg gig; FtftflF ftcfr $? g^ Fg ^arm sf Ftfif^F ftcff 




FRT Rf T$lt d2JRT TtcflflH ftpRT oTT RPdT $. dt ts & gnpt Zf»T 3ft. ^dfofd ^tcTT $ 
cKliftp FToT 3TSTcTT It? R^ f^ ^t?f $. RR cJ3T WH STRIT H? Hpf dtflfed HPRf $t, cJST 
HTRJ Hpf 3R fd^jt Tt STpR Pl^Rifdld ^RcT cf2ff -Hid STRIT If? cp c5fR RRt Hpf 3TTCRT 3t 

f^PR? if 3flct if. fafct RTf RRf $ aM FRT cpt Pldt?^ if, cff f&£f £ RR ept RR 
P^cW pId RRt ?f). 

*rftf TJ3T Rng Rf 3RRT -Halted HR RPFf if, ^ITT ftp RRRT if ftpRT, RTRT 3T^ ^tdT 

Rf^r ftp cRg at f . dtfissr £ g?r lr srer hr £rt £r hr htr; hp Rf 3 rrt £ 

PfHR if 3TR^ ?f. 

SRRf Hpf 3R[3THT |3fT ftp cR; Ip i£ft gR^ Rff^ ST^for T$=3T WTTCJ. RRPptf Hp 
Tf&f ^2TR STT RRiat Hpl3 3ff HT?f R. 3R HRJ Hpf d'lFlfed ftpR HR, WTPptf Hpf 3TTRFT at 
PfHR 3Rf Hp fppff RRT ^RT q?T. RRf 3^3R ftpR ftp z(% Raff 3faff Ip fRtf HFH %. 

doMdl at, Ar cHcH Rf clfTT McqSff ^> feR 3ft cHN^ RTHPcTT f?. Hf^f c^dd dTd oRT Hpf JSTRTf, 
R? 3HIM at MRclPd ^f ol|i|j||, off <)1 >m ft- Rf^f djtH 3TPT Hpf <isl Hp^t, <J3T : oRT y Id 
HPTfJf. 

3 m, HR Hgf 3TCfCT^H 1000 htjcttt HRH Rift. ?HRf FT? hr£ HpT FRTH3T dtlHPT % ftp, 

3TTHf Pp 3RT at TT3ft frf^ fdfR? ^ ftp ^ tJR ^Flt Hpf ^ of&rftp 3fftf ^ tfcp 

3?^ ^ ^ %■ 

3TcT:, #HRf Hp FT2f, 1662 3^, RRr SR, Rdl'Uj qRHRT 3TR £ Hp^f 3Tppp ^f TRf 



2. qwqaff Ip RFTTOT (evidence) 

R31T ftff^T RPR Ip qdJfTUj fff RPft t? 

I.'d'lftbd.d fcRR ftpRf S? ftp ft TTHPcTT %. RsflR affcp ftf^IRT HPRt 2f Pp TRR 4 
RPR cp dlfcf cn (basic) RRjf 3f5RJT dr^l” (elements) ^ RfT ^ ^JRff, ofof, HRJ, cT2JT 3rfR 
f . tafrfsPd^T nt 3R;3Rf fnpR ftp fR^f £ rRep jff ftfflRR RPR Hp RRTR; i\ RfR i. 

^Rfr RTRTOJ (rough) cTR 3RT3RRT (uneven) ^f RfR f , dff^P tf RP ^Flt Hp RTR 

Wddl ^ rR FTRT Rf XfCcfT HPT RrWt |3TT. 3RT RRRJ 3^ (smooth) RT RRr (round) ?f 
RPft cTfftp cf RP c^Ht RT f^RT^ (slipped). HJl^ RRTPJ RR Ip d Idl'd ^R[lp ^f dHPft t, 



RTfo ft 35 iflftj (floated). 3ft?ft epfftft (pointly) H2fT 3FF “RT^ ?PPft $, fftpft; 

3Tf?Fr ft 3PE3ft ftpqT $ ■ 

fftq 3ft, ftPP 3ft oft^rff ft ftqR 4 cFq £l q^T , d-ftiRb ft 3fft Raft §q qft|R §q. 3Rft qRT 

qftf pmwT q|t sjt cirwci ft ftRR fqft fftfftd |3 tt 

qRTR ft 1661 ft tFP tJFcRP ft fftiaT FR=cff # qftftft £RT ^ftft qrf^ft. RTRFP?T qft 
qdftqi cTFg qft WofcfflT ^T3TcT qqift ft fftqfcf qqft qq qqW ^FTT qft|ft. 3RT 3^ fI5 ftHT 
qqr ft Rift ofr attr arf^PP fftqfcr r ft d?g stt. 

sTRfPT ftft ffd'cp ft qqqfftH ftft ft q*qTH, RTRRTqft ft qqT2ft ft Rrq qftftT qqft dTcft ftl 
^ft^T-ftlR qR3T cpT ft. 1700 ft 3RT FRP, 3^ftft PRT3RT 30 Rdft ftl RftT cpT off 2 ft. 

qpqtq ^qrfqqf ftt gcqf qft qrqqT 




dl'dRA) qT^arr ft aftftqm ftft fft pm (copper), qjft (silver), ftfc (iron), CRT (tin), ftlRT 
(lead), qq qRT (mercury), H?q £. ft qicjq ftftp ft ?M ftl qilH 2ft, qR=c| 18 eft QrcTTeft ft 
RTRRP?ft ft 3ft RcflR qig H?q ftft fft fiftPR (nickel), ftfqTRe: (cobalt) qft 2j)Plq<H 
(uranium) ftf RpoTT. 




RHIdddl ^ ^ 3fr RtdT cTT^ eft afi'cRfl'd'cH (oxygen) ddd dl<?dldd (nitrogen) dd 

(mixture) yr^ Red t?. 3Rd tffcr oft dc<J (?, di? £l$sldd (hydrogen) t?. Rff 
3fr Red ^dftd^TdlcJ^alkd^r^RT^. dd^d (carbon), dddT (sulphur), wm dddbUd 
(phosphorous) fRcp 5c;i^'t u l 

ddr $rt Rddr ^ Rp dd^P d?d £ RrfiRR ddR ^ wrpg $? ddT trr wntg ddT 

RRpR dW^ ddT 3Tiddftdd d<RT u J, ddT dddT WTPJ $ RdTpl 

RRjRr 18 eft QRTTS^T ^P efcld, fPS TRTddRf ?T ?R dT RldR RpdT. ddRl dTdR ddd ft* 
31dd dTRTojRTd ^ 2r, 3TRRPRT TRTddR ^ d|t $. dcfid dFdf RlR ^P f^RT 

ddR ftp^T ddT 3d^P cdd^R 3p 3RJRR 3ddd Rdydd RpdT. 3d^ MTRTUJ3JT £ ^Ptf 
RRddfr d£r ddiRp 3^ ^T^jih d ^ dT^ (R^rt^ d 2 ft dT^) dR^atf ^P 
Rdydd # dTlf iddlRldl d|t Pdfr. 

Rtr aft, ^tRp Rrft dRWT f^P3^ ^t?r dft. fns tort RP ^rtrrrt, arR^eft pffe 

Rdft?f}ftR (Antoine Laurent Lavoisier) ft WI<H Rhft. 1782 ft idft TsTldTT ftp Rd t!<P Mdjft RR 
3Tdd ft ^TdT ftft ftp RdftT cTRj ft RR dR RR ddd ‘Jjd ft MRcj^jci oiicTl t?, 

fR (total) RTdT ft Mftdftd d|t ^tdTT. ftfftd RR ddd # RTdT 3RRft ft ftftT £ foTdftl 
ftp fttftftp pppfr ddd dnj ftft. fft d^rft ftft arftfdTfftdT dd fftdd’ (the law of consevation of 
matter) d>£cl ft 

cdftftftTR 3d RRlddddl ft £ dft dT, RftdftT ftRdRtft dLdl'upft ft Tft ft, dTdg 3d£f 
jftd tRRP5 ^Rr chdMdl ^P f^RT 3l%R 2ff. 

RTRl Rp IrIRP^R R^T SR. RTRl Rp LRRI'UJ, d idU'dd Rp^ RT TPP^ ^ 3f(T d £l 3d^PT 
RldTQr RpdT dT RcpdT t, 3^ ofr $ ddRT 3d^8t RRRdT (arrangement) £ MUd^d $ 
dddd PPPfT 3lk dTd; ^ LRflTUj RFRR tRP RTcRdT ^ T^. dd Rdifr dfl dcHidl ddT, 
MHd'I'Uj 3RRfl cRcRdT dfl TTR tRTd ?jtJ fM MRdfSd dR ^T. dd 3fl R3R MfdfU] d?t 
Rlddld ^|df, ddft" idcRl ^R dTdT ^ cRtf dftdcRf d^t ^PhT. 

dR( ^RT fd 3TRT (further) 3R ddT^ ^PT d^TSfd ^PT Rd^ fR dldT dff iMdld dR^ ^P 
Ld Id tR, £<H dr^P drd RTdT dd m ^ 3Tld Rdi^ ^ ddT ^tst ddirl ^ Rp O'ti'l f^dirl 3^ 
dftd^d ddT ^Rrr 

XRP dpRRfr RHTddd, dtRtp R^R (Joseph Louis Proust) ^ fRdd ddd RpdT. dPR $ 
1789 St RdHIcdcb ydRl (violent revolution) dR3T ^ HPTRd 3RdT 5P1R qfl tJRdT R^Td 




FRT^IT, FRTT F^ (Spain) ftfRTT. 3T3TRTT Rcfl^TO? 2p f^Rl^ 5bIFT ST^t tSteT FRTT 

1794 3^ iFI^I FR cJtTcT f^RP tpzp). 




5-^jfe 4-^fe 1-^ftp 10-^jfe 



P^b ^f[3T f^FfT tftF£ £ ^rr, ^ dfRT H?cT PW, ^bP^T, PcRT 3TFFFfRfRT qff FRbRT (combined) 
PRcp yen SftfrTcp” (compound) 5FP FRbT, TjIfI cpRR cpTsf^TS' (copper carbonate) m^c) -uIRlm 
cJ^ tRP2f £ pft feff^F^T FTFcfr Hbf F-fotdVH PR^T FT 5FRP £). fFT PPRf tb f^RT, 3FRT (M 5 
FTTFT (gram), 3TFFFflaPT 4 FJTFT FRP 1 FTW fdRP. 3RT ^ 3^ 10 FJTFT HbRR cpiciUd PTR 

|3TT, d-difth fR 3TRT £ dftf ulW'H R|t |3P. 

RSpftT, ptF^T £ £F3T ftp 3FRT HFcff qff tRb FTT2T FF^ i£t pflf 3ft ftrf^r PRTpp 3FT oft, 3TT 
Fl^cT FTT3TFT 3T^WT id-PUl dRRT RST. ^ FTc?Rr dW 5 FTFFT (gram), 3TFFFffaPT 4 



ana? H2JT qq^F 1 W T^T. arf^ 3F^ ftFfl 3FF 3FjqiF at SKF foan, HFcjf £ £ 1 3T2jcJT 
2 Fc^T ?Yq 

#Fd PlidY ^ ^QflFT ^T ^ 31Fq 4Rl4>l ^ f^T 3ft FTF ft F^F Fecit ^ fftf^TF 
3^triH ft qFft £ 3ft? ftFftr ft F|t. 1799 f?f, ftt?F f^rf^rer an ftp a^; F3ft fttfftcft ^F fftft 
^TF^T ft 3Fftt FtF qft fftf^TF 3TFftlF qq tftajF” (law of definite proportion) HF^FT ft 

ftt?F # wncpt ft tftFq?ftt Fftr sfr, tFFg gar ?FFft ft ftp arft 1 ft qrft ?anF ?tqft 
ft ariFT ftp, Frafr fff WTFptf ft qft ft H 2 TT whujj ^js-f jqrft ft tftFtftF Fft fftftr FT 
•dft>. FF FFT [ft>ftl afffutqT qft cjciitrl ft> fftft ft all iol cl cTT cm d cd ft> $dft MYtHI'-’J, STaaf 

FFT ftr fFft WTF53# ftr FTar ftarlQd ftft. 

FTF Slddd (John Dalton) FTa? ftr tFF 3T?lF FFTPFTF ftr aifew ft WTTtja# tJcTF fftf 5 ^ 
3FjqTF ftr tftaTF’ftr F?F FFqFq qq fcTETR 3Tian. FFftft ?fft atftl ft ftt F21T 5TRTF ftr yaM 
ft tjpt qRfftd FT. 3-dft ftFT ffti qT^ D cJcH 3TF2T ftftt ft> cijq^K cfft FTg - qnft qq 3lcftd 
FTF 3mar £ ftp FTFT Flft tftr ft FT WTRja# FT qftt ft 3Fft ^ 3ft fttTT far tftf 5 ^ 
3FjqTF qq fftaiF 3fftF ft arfft f^ FTFT FFT ftp F3ft FFT Wmpft £ qft ft . 

5TF3F ft FTar ftt Fcftt ftr ft'ftlFd qq FaaRJF f^FFT F®n 3F^ ^ FFT ^m\. Rhd^Tl WR 2 
rlFcfi' ^ f^FF 3FjqFl ^ FFtFF f^FFT. 

3'^Rurd:, W YcTOItst a^TT qFl^ ^F fFTaf, qq^F ^F 3 FTar ^ FIF^Fd ^F 4 arrTF ^F FTF 
FFtFF ^FFT. 3TtT, q^F 3FF atF qFl^ ^F IM, qq^F ^F 3 FTF ^ 3TTqRffFF ^F 8 
atnar ^F ftf ffTff ftpan. 

3FJCTTF flYFF q^ d^T ^^1 8, 4 # 3T^FT ^FF dtapTT SToFF qrT STT^ |3TT 

qan qaTF f^arf^ qq^F 1 (R3PJ ^ 3TTqqffFF 1 qramg Ep FTF FaftFF ftpan, 
oTqfcF f^arfdT qq^F ^F 1 qwyj ^ 3TTqRfTFF ^F 2 q'YFlujS# ^F FTF FaftFF f^Fan. 

3TToTqTF, 2 at^T ^F Ft FT3T t, fF f^TFR qq FFStF qF^ qq^F ^F 3 FTF qqrF 
3TtqRtlFF 4 FTF, qq^F aflFt-3Ttq : F[^F’’ (carbon mono-oxide) ddlct Farfcp qqr^F 3 
ajlF F2TT STFRffFF 8 arrTF qq^F Slf -3TFRTT^5" (carbon di-oxide) qFTcT SWat/SW 
attF” (mon) qq F?t W (one) F^TT Slf ” (di) qq F?t Fl (two) t- 

STddd ^ fF qqqr ^8t 3 iaar f^arf^Ft qtr F1F t^Fan. ^ftFF ^F 1 FTF qq^F ^F 6 FTF ^F 
FT2T FaftFF q^FF tjzn atF qFT F^FTT t, f^MlF (ethylene) q^Fl f . q=T:, 

F^ ^ 6, 3 # ifim 3tqr FfTajFrr 




3IR afr Slddd ft HFRf qft fttfftRd -dddldl ft ftftlcHd qRft qTRT, 5^T 3RpH RftcT ftt fft^R 

3Rjg[R tp RToT JJWoHcb ft - ft 2-tyPT 3TRRT 3-^TT 3ifftqq ft. silddd # fR qftftH qft 
SJORH afcjill'di R>T fftzpFT” (law of multiple proportions) qRift ft, HRT 3Rft 1803 ft fRftft fttWT 

ftft. 

Eil'ddd ft ft^T ftp tJjcxK5T 3fcji||'df tp fftRR”ft H»T ft, Rfft cJR fftRR qRf ftp tjqi RFR tp 1 
iRRI'Uj, 2 WTP5, 3T2JRT 3 WTPg, 31RR RFR tp 1 iRRiyj, tp RTR Fiftldd qR Rft>, qRR| 
q^Sft afr 2.5 WfTOJ 3TRRT fftt qqpR ft 5T^f qft. 3Rft fftRK ftpRT ftp 3tf^3T RTSRT ft 
foTRcfft 3TlcT5RqTRT ft RQlfft tp fftft ftp RcR WTP53# tp Rq ft ftftlcHd qRft ft FRIT 
3Rqft afft fjsrt qstrfr ft Rftf ftpRT rt RqRrr. 

1808 ft, dlddd ft IRP tjFRtEp qqqf^lFT #, fftTRft 3Rft qw^ptf tp fftqR ft 3iqft Rl^IRl qq 
ic-ftlsl ftpRT. ?R i^RdR tp qRRT, Wmptf epr Tier qTRToiftpp fftftl^d (theory) qq ftq 
(credit) 3TftpPFR ii'c-dd qtf idlFR ft. 

R^ FJRft 3IR 3JFT cRpriT, q-Rlftp 4 ftlRR qftt ft, ftf 2000 ft aft 3if^PP qft tjft, FRjfftcgR 
ftrt ftfttftPFjR tp ft. 

Ff?T ftftf, qft fTS 3TFR ft. d^fftu^H FTRT ftftlftP^R tpRR 3TORT RFT ft ^ ft. 3Rtp RPR 
qftf RTCFR qft RT, 3IFT: ftpftt ft 3ft 3Rqq ftWRT qft ftpRT, FTRT RIRFIR ft cpfoddi ft ft 
ftpftt ft fcRUTR ftpRT ft. 

fftR 3ft, £lddd ft 3R R3ft RRTRfftqi RRlRf qft ftp^TT, fftRqft MFfll^aft ^P 3lfftdrd qft 
cHIddR FRTfTRTT 31T Rqq. 3^ft ^5fRTT ftp 3Rqft ftpR qqRC RRIR ft» fft^RT, qddft tp 
3ftcRTTfftdTT tp fft^w, fftf^PT 31^qiH tp fftq^T H2n tyipH ^^Midl tp fft^T qft W? ftpRT 31T 
FRPdT ft. 

3RT qwoj ftft RPR1T (notion). fftfftFR fftftftf qft FW qR Rq^ft ft, R2n ft fftwft ftpftf 
3RR fftfft ft RqR Rft ftpft RTT ^f, dR RRtJq qft «H'chl'<Hl qft^R ft. 3RT fttftf ft fftRRT 
qRRT qR3T qR fftRT RT, ftp qRdd ft WTT^ dlfftdrd ft ft. dlddd # STOftf ^RdR qqft^H 
^|ft tp rr^qiR, 3ft^fcp ft RHTRdRT qw^ft ftft cpdMdi qft RtjftpR qRft dft, RRI QffR 

ftf RR3RT R3ft RFTRRpftf ft fft RftPPRT. Rftt qRRT ft ftp qWUTfftqq fft^Rd tp fftft dlddd 

qft ftR fftRT RRI. 




3. wrroptf HR 3TR (The Weight of Atoms) 



tilRdd hjY 3TT*pY |3TT ftp YaT qai £ fnYRRp HRTR Rfatna TTFcff ip iRffluj RP ^flY TT f^FST 
$. ddY^Rk'L H21T Alc-cLH YYY pM £ rY VatR RnY 3PRY tYflfFR mpaf Hp 3R 
f^rf^cT tYRTH:, fcrfatFR niaruptf Hp 3R # amaT HRRT TYRT 5JT. aaRR, fTT HRTR £ 
Wfliuj rp ^rY" £ fatna sY. 

naifY, a»if afr anPcY mtapj hr ara a£t hr mar. a? £rrY ip fiYfr 3 tYY 3js-a an, pm 
^rjhp aia aata hp^Y hp fprfr at ^ YYf 5 ^ an pr arf^r an. anffr fMatna wmptf 

Yi 3TR Hpt RP c£FfY iP TfTa d,cH<H! n£t aT TP8t . 

33?RnrcT:, fl'i^Yaa (hydrogen) hr 1 TTTaT, 3fRRYf3RT (oxygen) $n 8 M cp ^5T TRTtoRT 
HRRp aa HFUcTT $. 3TTPTT ftp, cJ3T aa ip f^RT WTTnj3ft # WoTcW HaHRRT qyf f^faR qy^Y 

- pl^ldd hr 1 tRVHRj, afi'cHfl'ofcH cp 1 IHVHPJJ & ara TRftoRT HPTdT $. fTT RaYY aY, 

3T3Y ^RTT fnp URfcP 3TTqRfT3RT TTflTOj, nRfHP ^TfftPFT qTffl^J 8 HTRT ^ t- ^ c|3T 
R^ftaa WPj cp 3TR mt 1 TT n?flYt if, at aRRflaa nTJTRj; cp 3TK Hpt 8 YY nQltar ^RlT. 

siada ana a?nY ip antaat ip amY nfr daar anaT t?l am rwstt nnaT t$\ ffp R^ftaa 
nfr gPRT aY gpapp WTP 5 fodHl 3nYt $. (*T 8 ft WPC 53 # aY R^ftaa aaFT ?RR PrcbcHI). 

Ppt afr, giaaa nY rp manfr hr tf. ^ I^terSt t^imar ftp aa ^t^YoTcH tiwj hP 
Trrar i 3fr«wtof wrroj ^ a^t hrt %. 

1800 aY, 3fcYRTpY HfRST (Alessandro Volta) RT3T HP Rft ^ai'Pcfl (Italian) cl^li^cb hY 
fctSpT cfeft (elecric battery) Hpt tjcp Thar T0T. fTFl fcPJcT TRT HpT 3rMc-H fcRTT foRY ^I3f 
fcT?tn Hre(T5ff cp 3TTCZI3T £ Veiled ftp^TT PIT RPhT. TRP cpY TJJif- Ep tjcfr, tcflpRRT Pl'chYddH 

(William Nicholson) dTaT ip Vcp 3fftal cldlPlcn ^Y fRT ; 1 PYjT Yf fcpm ^ ^gdT. 3RRY 3TOPfr THR 

n 8 t fteft HRRjt aarr am $ fY^a ^rt Vcir^a hRt. 

fctcbVaa hY man ftp am ffr^a mm ara $ vciif^a gf , aa ?if|taa nci arnafiaa aY 
faffed if aaT. 3RRr narm ^ 2 ^tat nY piesi IYrt aan mar “Up fa^ftaa nn anaaa 
(volume) (Itrt nar aara), anaffraa ip araiaa pY Hynr ar. 

1809 aY, atmp ^rr fr-^RlcP (Joseph Louis Gay-Lussac) PW ip Rh ihifYl'Yl Tdiadd hY 
fcp j)Yi a^ja a^ tjpY aaar (whole small number) ^ foi<Y anY aRa snaaa aY aatf^ra 
if^f nrfra ?Rfr $. an ?if|taa mi anaRfiaa hY aa nanY cp f^Rr aataa tYan, RT^ftaa 
hr anaaa anaffraa ip anaaa ^Y gY-tym an. aa R^ftaa na adYfld (chlorine) =Y 



(chloride) 3dFt cp f^T d'ilWd foRT, fl$$Wd 3d aRIdd - d-dWd ^ 
aRIdd - ^ RTR an. 3TSr di<?dWd (nitrogen) RT £ 3fflrf?RT (ammonia) RTFl f^t 

ddWd faRT, fl^Wd dd 31Rdd dl^dldd £p 31Rdd £fdT ^fld - tydT 5JT. ddWd 
3TRcFT dd fi?Rd” (the law of combining volumes) d>£c) t?. 



3 il=hHldH 







f^cl did 



f^T dm 



1811 ?T, aides') aictVn^ (Amedeo Avagadro) dW cp P<+> $dld41 (Italian) STtfrFhf^Ri (physicist) 

^ fiFfufa ftpZTT ftp cT^ ddldd ail'tldd dd FT? dR 7FRTT, dfc ftf^Fd ^ dd 

WT 3TRcFT £r Hptrfj- zfr ddld WIT ddT ^t. ^ ddd 3Tdd-3Tdd $ ddRl t, 3f2JdT 

zr Hptrft 3p ddld 3fr $ 3dP?r Rldf; 3T°J” (molecule) dRFl $. 3TcfRTT^t eft 3TRdRmT ” 

(Avagadro ’s Hypothesis) 

dfc amRRmT t, d-dlRb *i$sW<h ^h 2 arRdd ariddftdd 1 arRdd rr ddm 

dRFl t, ?Rdd 3T^ d3TcR: 2 ^fhdd dTdT^ RT 3TFRfldFT dd 1 RdT^ 3Td ^T 1 

3 foj dTl ddldl t, d dFfcp dd 1 3dd 5TRd ^ fcRR fcfRT 5JT. 



3Td dTl ddFl £ iMdrb 3RRfFld # dTdT f^R 3ft fl<?$YcHd # dTdT # cpTdT £ 8 ^TT 

ar^im sfr. fddd ar^ |3tt Rd £ arradfidid MTdiq, dd dm, ^i^ldd ^p 2 dwiyj £p rp 




^FTTST 3TR ft 8 3jfftHji ftRJT ^R 1. 3RT, ftlHJ-ftldd H{fH«| HjiT 3TR, £l<^>1vH<H 1 TOTPJ 

ft> 3 tr cBt cJprjt ft 16 ^rr anft ftRP ^rrflr^r. ^ ^ fi<?ftdd cpt str i ft Rfftn nj^ft % 
cfT 3TRRftdRT 3TR 16 ftRTT *lrf|ft. 

RTRRRft ft oRT ft) 3RJ ft filial d ft» 2 WTRJ3# # 3*ftft2ftft Hjft *eftchR fftRTT, RRiJ 

ftpftr ft ftr 3RfRnftt h£t 3THrorRrr nfr attr srrt ^ fcm. pri^rt 50 cm? rr rtrrrt ?r 

5T^t TOTfT mft ftp HJOTRT 31'dMldl ft» fft^RT hjtt hj^jt 3jft %■ 

1820 FRP, 3RPP RTRRTR doft HR R3TRJ3# fti ffttR ft Rft HR ift ft f^P 3R£ ftdT WcflH 
ftft PRTT fft) dcdl ft> cjujd ip fftft fcjiftt Slices (shorthand) h£T 3TTHIQ'M<+>dl t?. RRT 3ft 3Rfti 
oTPT HR) sRTFT HJTift cptrff ifr fcpSRT ft REft HjRftj ftftt aft, dc\d 2 R hjrrj fcRTT oiicicH 2 jt ftp 
tSTR HPT 1 3P5 , fl$ftcHd fti 2 WTRpft RT 3TTHRfp5R Hp 1 IRJTI^ ft HRTT £ 

WTRJ3# Hjft gpftftH HjRft ip fftft, 5TRRT ft H£ft cfft 3dftftl ftfRTT. Reft Sdftnp flftRT 
ddHT Hp LR'fl'I'UJ qft fftFR RJR Hp HJR ft HRTRJT. RP HRT ftSERT fftp HJR 2JT, 3RR HJtTcTT ^T 
2JT, Hfftf 3ftT cfrcT ftR; (dot) Hp R2T cJR 2JT, 3fft fftl SHJR 3RR 3ft ft. fttRld) HRhft Hp fftft, 

ftrfiftRT RcHlUj HP^T ^RPR dftl'aid HJRft $, fRHjft ^Qlftft Hp fftft, Rdft ftrflftRT Hjftt Hjft 

dTRT W. 2R RP RftiftftP 3TRIT 2ft dft 3M2Jrb ftft ft 5fR HfdfcRT HtRft, npfftip aft^RfT 
ddcft TR ^ftfftcfft qft hrfT nftr 3TTHT52PRTr ^ trFft. 

1813 £, dflRT RIHpRr HpfttefT (Jones Jakob Berzelius) HTRT Hp tR dcft^PRft RTRRTdT Hjft 
3M^rh fcRR 3JRTT. 3^ ^JcT I^RTT f^P ydftnp dTrcT Hjft 3dRP ^fej (Latin) ?TW Hp 
¥2T3T 3T«R dT fftRTT 3TRT. ^ 2 H?cT dRTRT 3T«R dT PR3T ^ HJW ^ ^ 3RR 

HPT 3M2J\J| ftfRTT oTT ^RPcTT HR TRTRlI^fHp ftRR/rth ^Rn, 3 ft RRr R2n 3dl% RP W1TDJ 
HPT aft ^reft^RT hj^ttt. 

3RT:, 3ftHF?ft3RT Hjft 0HI$'dl'dd Hjft N^PT^T ^ C+'ell^l'H ^Pl C4£Rfi (sulphur) Hjft SRRRtRT 
HpT PH2JT RHJR 3RR ddnft Hjft RTcTf^TdT ftfRTT olT dTHPcTT 3RT T HJW ajftdft RRT dT 
f^RR ft, yrftHp FR ?l|t 2JT. 32RRURT:, ^P dRot (gold) Hp f^fft 3fcj RTW 3TRRT (aurum)” 
t, dR°t Hp f^Tft TRTRlI^Hji fft^R/g(f|HR “$.u ” 

ft^l3dT nftr yuriofl HjiT 3M2J|J| HRft R, fftfjRRT Rflftt ^ 3T^3# Hjft RfftH hjrtt dRcT $ 
HTRTT. 3dRRtJR: ; |RRft3RT Hp tj^ Hjft Rfoftr HJRRT ZR HJRP RR flp 

^RftdRT ftdT RJR (single) WIT^aft ft ?j|t HRft $. 3R 3RJ3# ft HRft % f^RTHPT RdftHji 3 Rj 
^RftdR Hp 2 31^3# ftHRTT^. 3RJHjftHipRTft fft^T 31T dRPRT 




ufcr zp £ 3 ^r htct aft 2 -wmjj 33^3# ^ w ^ ttft JT^r. gar aiicRflcHcH 3^3, 

dl<?dWd 33^, H2TT cI-cHITIH 33^ qrf Q SI, £ f^TCT TPPFT ?t. 
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3th:, u^p £ 3t1^pp ^rpr £p tRjntga# £ ^ 330333T ^ f^r# ##xr f^rc^n trct 5jt. 

3T0J fl$£U<H ^P 2 WTT0J3# H2TT 3TFRfP5M £p 1 ifTJfluj £ 5FP t, ?TRPT 0C^R3T oTT TPPT. 
cpT^cT ^P 1 Wfuj tjcf 3TFRfP5R ^P 2 WITtp# £ 5R# ^Pl^T 5Tf3TFRTI^ 3# £ 0T2JT 

qrpfcr 3M3 tfrti^ q# C&i3r s^tfoTH ^pt ^rp# 

#R: ## dT^ # #P3# fcTOW 4Rlch 3# &PTFT £ iM#Ul #P# ^T# HF#t £p 

^2jt# (exact) STITT ## trpiMT £p fp3# 333R3T (measurements) #P#. 1818 $, 3Tf^ ^ dlToHl 



(table) Rblf$lH eft , fftft tIRHIUj 3TR “m?T tru. 4ftfftid ft #F3 # 3RTRT 3lf£bb fttRlml 
ft» tftftbR ftfrfT, fftR 3ft 3? 3l1^bb QJ^TTT fti RTSJ RRdT 3R RRT. 

fftfiftR H?cfr £b q^-JfTUj 3Tlft ftft Rjirt ^ fftft ft 3blft RbbT iMRUl ftbft. 1828 

ft, 3Rft tjEF dlfftdVI (table) Rblf^tH cfr, fftlft tRRiTj RiRq^r tru. 3ft^bbTR RFft ifi fftft, 
ftftfft3R ftft dil^cbi £pr sfr, wg ^sfttntbm 3Rft audidi «pr ftftr ft» RRbr 3 trb^t ft 

Hbtrfr ftft t?^b ftr rer ftft «pr nftchdudi tR sRid - d|t f^iT. ?r rfcr ft, fis fftsftftftr ft 

Cl? JJ«H<1? RT H2n 2 RSTcfT 3 PR'fflUj 3TR RR |R off qftfR: RFcl ft. 

3 rr ofhn afr ‘jfRT? t£, rsit ^ra=sr rjrt hr aftbb t^riftm 3*5 HFft ft» fftft fsftR w; 

3TR ftft tR TS ft5 £l<?ftdd MRHFJJ, (H) tjcj fl$ftcHd 3T^ (H2) ft» R?bT 3ftftH 1^. 

1860 ebb, fftfiftR 31^3# ftft RTddl HR 3Tbb *JsT (formulae) ftftgft ft» ffttRT ft 5T|H ft 
Hpft-fftTbft 2H. ftRT HRHT R, ftft TOI^ # R«RJjft mdddl Rf HRR IftR Rift. ^ftft 
3f°jcTRl $ddi oii^cH to, eft r? cftR Ejftr fttnr. 

mRr'Rlej 31 J ldd cb^)pl (Friedrich August Kekule) dFT ft>, rim of3^T (German) TRRTdR ft 
fftRR fcpRT ftp fRRT 3HR RTTR R? £ sjfttT £b R3ft TRTRdRT Rf tjeff RTSJ RjftftH mftb 
fR fcPTR tR Hft>-fad4i fftiRT Rift, HR <pRRT ?R RtRT RTft. 3TH:, 1860 ft, Rdiftl ft> 
miftd£ 51?T ft, tTSJR 3THftfRT TRRRT RTftbbT (First International Chemical Congress) 

31 Infold |3TT. cbl ebb mi 3dlPlml mi ySRT d^cH'd SR. 3R^fr, TO, ^rRO^/tfe 
flltd, fCofT, ?^T, tbt 3RR RFt ^ 140 RTRbTRf ^ fR FRfRbT ^ 3TFT f^RTT. 

3d^ FT rim •PrIlPlFcHicj mi^do-at-t) (Stanislao Cannizzaro) did mi tbb ^dlo-cfl RTRRRT 2JT. 

3rr 3fcjjiidl ^b ^b fcbRr ^ frt rir stt, nsn g? dfd'd sr f^b ^ rtrrrt ?r ir 

?RTd $, cr R5T fR fcRRT tR 3T^Fp RbT TR R^rt. 

3R^r 3bRi fcrnirr bir rtf rt £ far^d gfebbr tbM^ rr. dJ-^dd ^ 3bRn^r ^b fcmR 
^ dddK 3TIPT ^ ^b b^TTR 3R^ R3fT 3b^2RT Tdldddl RT cT? gf^bbT 3fe R3ft 
Rld^a# mr RbRTbfr t^b cjtrtd HfRFT 3R^ ^Sbb FT 3ft ^ R?rRJtft TRRTdRT ^ RT2T 
Reft eft). 

3R% yRIR RRR |b. Fdldddl ft RR?1T, RS|T ^b cbft RT 3JR RfflR ?ldT RT3T |3b. 

3Tft TRRT, 3flR ftftR RRR (Jean Servais Stas) dTR RT tbb ftPddd (Belgian) TRRldR, 
ftftfft3R # SjftSTF^cT 3ff^ftb Rbr?Jbft fti RT2J iRRPJj 3Jlft dftftbbT tR RTft RT RT SR. 
3Rft fdftr RbRnftr ft mift ftbRT ftb cj? ^ft reft ftb aftmftWd tRRbj, fi^Yoid tRRjuj ftt 




3TCT5TT £|Hp 16 ^TT ffnfT F£f F^ RFf STfeT FT HfT3T Fltl Ff^ fl^'cHF H'ffl'l^] 1 FT, 
^TST 3TFRYlaT5T WJ 15.88 SIT. 

FFifY, ftrfatFF fffY aY £ stfrYi^t aY ^Ydd #r 3 tYstt arRtFT ?TFcff Yt ftf FFtFFr 
ftpFT, 3TH: FcTTF aY 3TFaY F3TF tp FFFF TT3fT F?Yt tp FTF FRTtF ftfFt. SF^fT faYF 
3TTFFftFF tp FFHTUj 3TR apt Rtf i ^FF/£lHp F5FT aY ftFT TjfYFTcHFcP FFT. f^Y d'cRlfuTd 
apt FTF Fan ffrfi. FTTF aY Fl'cRYlcHH tp FTFTUj 3TR apt Rtf^lFF/^fHp 16 FTFT, 3T2Y 

|3TT ftp fTfStFIF' HpT qwoj 3TR 1 tp FF1F FT 1-0 08 ?tFT. 2R FWaYY 100 Hpsff FFF RtTFT 

FFTfl T^T. 

Fa=£FF £ cpiPHcrd^ £TF 3THTFT?Y aft FfY^dFFT/R)<id apt FFF hpreY tp tRTTH, FCTF aY 
?tY F'MdlFl. FCTF aY ?fYt 3iajFTT 3TFaY WfT^ 3TRt aft FFaTT aft, FFT 1865 FFT, YrfY 
FRS3TT3# aft 3TT?jto dlfacbl FFT FFTT. 3F FFF £, 3F^t FFFT3# aY F?YFF ^Y T%, 

FTFF; YtFF Fg (small). 



4. FFTP^STt apt cFcTFFT (The Arrangement of Atoms) 

FFftr, ffjttoj frY apt fffft ftt fftftf $ fept ft, wrroja# tp ftf Ytctf f|Y tfp 
FFFFT F^f SfY. 

19cfr QlFl^t <Y> 3TRf3fFT FFf aY F^FFF ftp^t arpY YtRlcp, Fjns ft tRFTUj atpp FTF 3Fpff £ 
FaY sY. fcrfatFF FFFT tp WTP 53 # apt FTaFT aY F3FT FFT FFTFT ftp FRlFT tp fYrFaY 3f, 
FFfa FT. FF 3 FJ BDCftfiYdF tp 2 FTFTOj TJF 3TfFT?lFTF FTT 1 FFRTOJ); FdYPlFI 3T^ &1 H 
FT (dl^dYdd FTT 1 M'TdTU] tjcf fl^Ydd tp 3 FT'FTUj) ; ^ftFF FFtF^? 3T^ hFC (^ffFF 
qF 1 FFRFJ ijcf FFtYfF HPT 1 W[T°p; FFFT tp 3T3PF (Sulphuric acid) HhT 31^ 0S ®T 
(?TfltFF tp 2 WTPF;, FFcp tp 1 qTdTU], TJcf 3TFRfYFF tp 4 FTF'I'uj). 

ftTF 3fY, fT5: f^FfdFff WJ3lf qft tpcTF 5PFTFT ^ F3FT tfFTF F^f FT. 1824 aY, o|TFcJF 
FtF fol U ft) j 1 TJcf ftbuf^q Ff|F (Justus von Liebig and Friedrich Wohler) FTF Yi 2 3T3YF 
TF1FFF 2 ftrfatFF FffYfqtf FT FFlF HR T^ ^1. Fldtph aY 3fqaY dlRlcp Ep fM ^ f^tHFTFT, 
FFT FTF ftpFT ftp ftpF ftpF FTF tp f^PdaY ftp?pY FR'FT u j 

or i^YcY stfhY fIY'uhf! fY fIfuh fY ftf |3tt ftp ^YfY Yt FtfJFpf Yr tjft ft 

FRtFT tp 3405 jf FFTF 3TFF1F aY FTFTF £r FFF f - PR lift, Y fafFF FFR tp Ft Rich 5t 
FFT fafFF FFTR ^ FFcRR HRtY 5f. 



ddd ePT TdTddd cMfoid (Berzelius) 3nv4Rfibd $ ddT. ZRFt 2 Tdldddi sp 

sppt spl g?T: fcPdT dRT RldT RldT d|t $. tPd 3djqid £ R3^ ddld ddRf sp t 
4Rlch fldd Sir. toffeVid £ 3^ STTfdtdT (isomers) qRd Qb^'I ?fPP £ 3T^ t, ddld 
Sdjqid” (equal proportions). 

iH^dldT sp 3T5=^T id^R'ui fidt tdi dddd dtd spltd WJ drP 3T°i; 3Ff dT. d^ fttdd: 
ar^cpjot 5JT c|-qlRh oflfcld 3M £ fcHlcHId 3f^3# £ dldlVdd: SPltd MTdl'UJ dFdT %. 
cllddd 3FT, <y fetid £ ^d qdtd spP SPptf spl fcTQTTer dQptf dd iM ^ ^ ^ HPIdd 

cni^Ptcf) qffdlcn” (organic compounds) <*>£1. 

cp|c]P|cp 4Rl4>l sp ^ spl Hi qRdT spftd dT spftd ^IdT ddT. ddfo, qR£d Tf^cT 
(inorganic) 3Tfetd 3TOJ dT^ ^T, 3Td: id£t dtddl spl ddddl £ did fodT dT ddd. 
cbl^Plcb qfRlqi 3Ffqi dW^ 2JTP dt 31^3# £ SFT $. ddlddd id'^d £ d^T dt (3?te 
dt), f% St cbl^Plcb 3foj3# £ ddfcp ddFR sp ftpTRT dddl'u] ftddld f. id^fr 
WTT flFTdd d? 3ft, didT ftp £6IG^t ddid dft^PJTd (combination) 3i^P STT^dtd?” 

dRfofd dR ddPFT t- 

3id:, 3f^ £ tRdWpft sftf dSdT dft RdldT ddfa d|t dT. id dRdPpft qft fftRft fttd 
cddddT 3FT R3dT 3TTdQdSp dT. 3Td:, dlft ftrfsftd 3T^3# £ didld ddTR sp didld WIT £ 
q'ddl'U] $, HR 3ft iddft ftrflftd dftdft ft" cddf^dd ftPdT dT dRxTT $. ?d RHdd £ 3P°5 
f3W 2*. 

df 3TCTJ TTcf iRdTUj e^idi tr 3i1^ ^-"d ^r, 3dT:, TdTddd f^Pd qspR did qR d% f% 
LRiHTUj ftpd dtfsp ^ 3BJJ3# ^ cddf^SJd ^? 

fd ft5P ^ dt d2Jd dScit ipq^t (Edward Frankland) did sp tjq^ 3R|d ddlddd ^ qdld 
ftpdT. id^ SPT^I^PP 3P^3# SPT ^ ^3# ^ ddff^ld f^PdT, HdT dRTT f^P f^Rt fttd RT^ 
sp tRddg ^ dtd sPTtl^PP 3T^3# # f^ld d^RTT sp dTd ddid f!pdT. 

1852 ?r id^ ^fTicr ftRT f^p q?tsp fldd qqqr ^p iRdi^ ^ did^ ^sfr RTf^r # r^ 

3RR qdd'I'Ujafi s8t dd fdif^ld WIT 3Tl^PP Sp drd ddid d qt. Rdtsp qspR qq tRSROJ 
fdrf^ld ddWcPdl” (valence) TddT $, v#feTnd^> ^ f^RPPT 3T5f didn't” t 

idl'd’ 11 Id :, fl^^'dd s^r dt|>cHcbdT 1 t ^ftdd qq 1 MTdl^ SpRd 1 3RR TRddJ sp dTR 
ddld qR dSPcfT STPRfTdd ddtaTSPdT 2 t, 3Td: 3FR 2 WjM £ ddld qd 

dspHT ?^fr qqpR di^tidd s8t ddiiPPdr 3 t, # ddiiPPdT 4 




1858 aftisll'eS RPRT ftR (Archibald Scott Couper) 5TT3T $f> TRP F-qqd$S ^P FRRTRR £ 
F^RT f^RT WIT^ cffr fFT yyFR RFl 3 rT HP 3FRP RRT 3RJ^ yRR/RR” 

(bonds) t, f^RRP ?RFT R^ 3RJ^ Rl 3RR WTRJ3# £ FTRlfirTR 3R FRP. ^Hp ^T^RRT epf 
'H'dWcPd I 1 t, *1$SW<H WTFg ^P tTRT 1 RRR/RR t, f^TFl H cfr cR^ f^TRT RT FFPclT %. 

RSf WITUptf £p 3T?R RRR/qR RRT qR 33^3# q3f ydf^tR HPRT R3 RRR3 %. 31R:, ^flRR 
3 fftg, ^ftRR £p 2 WTP53# £ 3R3 t+£l FPPcfT % f^RRl yR£fHP iRRRj Ry> ^ RT 

3RRfr yys^ i RRR/yfg- £ yRRi |y ^afr-RFafr 2 wr^ptf rT ftrfp qqRT/Rl?^ ^ f^Rl 
1 FT 33f£pP RRR/qR qq iy-iil'JI HPRT oTT FRPRT $. 



H <H 1 4 i RiT Rfer 




q33ft-q33ft RRR/qR £ FT q^ qq iMRUl R|t f?lRT. qq^R RtRl 3TTRRT^5 C^Of^RRPt ©08t 
RF^ f^RRT RT FPPRT %. STTRFffRR ^P 2 yRR/qR $ RRT cf 5UrV«I| FT 333 FRT, WR; qq^R 
3p 4 RRR/RR f, RRT 3R^1 FT 2 iMRUl FT R|t 33T F^ PfR 3ft, qq^R F3tRT 3TTRFTT^ 
3TTyRflRR 3p F3TR FTRlR qRc^ FRRRT FT RRcft t, RTFRr yq^R 5Tf-3TTyRTT^ RRFT ^P 
fM yRfcp RRTRTffJtR RRR/RR £p ^JJFT/Rtt ^P f^T 1 3TtyR ! flRR ^P WTPg FPl f^RTT R1RT 
t- 33^3# Rl ydl^R yR^ FT yRRRJ RRR/RR # Hrf^T yrf FRRRT £ Rg 3RPT^1^P 4Rly>l 




ft fftft 3Mftd qR dRift ft RRg, ft qft UR icHl^ift qift qqftfftq> 3T^ ft fftdqft qfftd 
qRdT 3TTR?RRi 2JT. 

ftfft (Kekule) ft dRWhdl fft ft d qft qqftPl4> fttfftft tR oTR^ qRft qq d^bR fftdT, d2JT 
1858 ft 3dft 3djft uftuil'd qftftd fftft. 3dft qdftd qqftd qw^ ft 4 ft^R/qk ft R2R 
qft «tr ft rr qR 3iftqr 33 ^ 3 # qfr qdiw^ifaT, fftdftt ftjqdi dR dqr q^rdfr «rsfr gf afr. 

q^ dft fft?q ft ft fdqft 3TTR?d qRft ft fftft, 3MftUi ft ftft qTft qdftd ddq ft qw^ 

3JR ft fftqd ft fftf^Rd ftdT 3TIRQRq3 2JT. ?d qqRd ft 3dft q^Td dldjfftq dHFRT ddftdd 
(International Chemical Congress) qq 3tlftlold fftdT. rim qR qqfftqRdft (Cannizzaro) ft 
qwoj 3Tlft ftt dddRT qq ?R/ddTRR qR fftqT, df ftqrft 3TTRQd 9JT fft q? dft fftQTT ft 

t 

i'd^Ruid :, cfftfedr 3Rd (acetic acid) qq 33^, oft fftdft (vinegar) qft RddT dqiR ftlT ft SW0 

$■ 

ftfft ft dR/fftddd (system) ft Htfftd ftft ft qqftfftqi fttRlft ddqfftd dddRT33f qq 
ddTRR ftftt ft RR33 ft dRT. fftR 3-ft rim dTd ft! Rim nm qftft qdT <^> 1 . R^T ftftR 
(benzene) ft WTFpft qq ftfed (model) 5JT, fftdqq }jq 661 ft ^ faf^T fcRTf dft ftft 2ft 
fftdft 6 qq^R qqdwj qq 6 qqdRj fttpft ft ftq/fftddd ft ftfttfftd qR ft ftftd - 

ft d id Id qqq^R RRd W 33^ qdT dft. 

ftfftfd dddRT ft q^5iR qqqg ddTRR dft fftdT. dR, 1 865 ft qqr Rr, r^ Rift 
SKI fft 4) dftt drift ft oTT -t^>l 2JT dRT idl ftid 3TT dftt ($-mftl dd dftf). oIRfft STfi 3Tftfftqi 
ft 2TT, 3ft ftdT ddT fft qqftd qRdWpft # qqr -ftddT 37Rh IftqR: ddddT/qTRd Tft $. 
3TRRqr, MTdrupft ft Rqi/t5ddT/ftd (ring) qdlft |q, qqr -ftddT ft tjpf ft fftft ftf ftft qift 
fft^ ft ftoTdT qR fftdT (oils fftRT). ftq^ft dTd dRT d21T 3T^3?q fftdT fft 3ft 3fR iftcH 
dRT. 

ftftR qq ^JsT Rdqftd/ ddaijd ft did Id fftddT $. 

1874 ft, dqftqd ^dft^d RTd ftq-m (Jacobus Henricus Vant’ Hoff) dTd ft dq> 5R (Dutch) 
Tdlddd ft d?fRTT fft qqftd RTdTDJ fftd qqFR Rlddlftb d2JR/dftd (space) ft dft t, R fft 

ftcR qqdol ft qqr jqft qR ftftfftd fftft dd. dftl MCflTU]3fT qrf 3fftd/ftfqr R2JR ft d21T 
qftf/qfft ftt 3fftd/ftlqr f^TQR ft d&ft |q 3T^3# ft 3-qftdTd (3-dimensional) ftfed qdRT 
ft3TR ft dqq. 




5. WTTDJ3# nftf qiTdftlHPdl (The Reality of Atoms) 



19 eft fti 3RT cfHP, 3H|-u|fclcb R^id nftr TT3ft d'cHF'Allft TfTTRT ft tr^ft 2ft. 3TfftHp R 

3Tftftp 3fDJ3ft nftf fttr^cl ft<MdT ^TTeT ft }ft 2ft. ft* 3Tftftp ftfftpT cPlftPtHp fttfficpl nftr 
<h\tj<ht ?trt ft Tfr ftt. 

WoFt^r ft 3fd,qtft2RT dftftT 3Fpft Hjft SRlft ftr fftft qTfl'1^3# Hpt TJEp ^J3T Rift ^ fftft, 

rtfpfp tft?rr-fttftQr & fftft ftn^t nftr goRft hpt iqftui hr ?f ft. npsft ^afr ftft ftftftR 
(synthetic) 3fDJ3ft”HhT iqftYd TRt, }jftftt, 3J2[cTT 3ftqfftftt ft ftFqT 3TT T1HPT. 

ftR 3ft, ftpftY ft 3ft qw^ 3J2[crT 3Fg Hjft npsft dft ftRT 2JT. 3J2[cTT 3f^ cM^ ftft ft 

?f ftft ftp RTRRftt ft mw efcTFIT. ft 3TRR FRPT ftTHR/STTHT ft, HRRJ Hftf 3ft dft 
oflddl SJT ftp tRcHiUj 3J2THJT 3ftJ HTTFeTHT ft ftpft ftptpft f , ft ftPdft Sift f, ft ftPdft 3Tlft f , 
3dHftr 3fi^tft ftnft ft, 3f2jcrr aftr ftprr qnpR ft . hr ftw ftr tft^ fthutftq ftr^ft^r diYdddidsi 

(Friedrich Wilhelm Ostwald) HTT3T ft) Rft-oTftsT (Russian-German) TTTRRTJT ft Hp^T ftp 
WTFpft Hpt fdftY ftsftTdT ft dft PRT HTTffft. ft tjcp jqfttftt ftTHR/aRI f, RRP 3fftttftp 
ffS dft. sRftr RTHPT ftR HR fftFP ft 3RpY & ftfePT HRlft nftf fttfftftf ftRP[ftY, 3iYdd'q Idi 
ft fttr tftsp ftp LTT<Hi iu j > 3fr hp ftKjcHid fttft Hp qftft Trrs-R dft f . hrtt aftFdcrr^ nft qRTFptf 

fti ftXfcHH ftft HP fftft Fffl^nft HPT Hfftft dftHpr 3TT? 

1827 ft, ftsit 5TI3=T (Robert Brown) dW Hpj HR FHprfft?T HRTqfttR, RPT ft fttft HRFT 
(pollen) ft? 3JSR Hpoft Hpt ftnft ft? fftft ^TTcTQft (microscope) npj iq-iiYd hr 2JT. Rift 
ftt3T ftp qTFT ftr HptJj Rftnp fftsp ft R3 Tf ft. ftR ftl, qTPT Hp Hpur qM ft 3Tlft f 
3dft ftftpRT (life) Hp Rft/ERT (specks) f, 3R:, W13ST ft ftftlT ftp ft HptJj fttfttd ftft Hp 
HPHTJJ ^HR/Hjar Tf f. 

ftR 3ft, 3TRT ft fftY RTPrT Hfft ftry (d ye ) ^TT npuft Ep ^TT3T HFtft hpt RRT ftfRT, ft Hpoy 
tftf^icT fttr qr oftfttcT sffr ft. ft fftpr^pr 3ftt cit^ efft/sjaY/ftpY. fn y<f>K nftr trftdi qft 
ftftrfftHRT (Brownian motion) Hp^ft f . 30 Hfft ft 3ft 3Tfftnp TW^T cRP Hptf dft ofFT ITHpl 
ftp fTTHFT HlftR ftPFT qepK ftlRT oTlft. 

1860 Hp PRT3T3T, ftlRT HfpftT ft'HFdftd (James Clerk Maxwell) RT3T HP Rp RPTlft?! J lfuldd ft 
ftftt fti zm$K HPT 3T^'RR ftp^TT. Rift ^fRTT ftp ft ftcR qwpft 3T2THTT 33^3# ft ft dft 
qftt flftt STTffft, HPRg ft q^WUj 3T2THTT 3F5 R TOTP ^T3ft ft(QTT3ft ft HrrfftQfrpT ftft snffft, 



dm sr Rp t d'<Rldl ^fETT (bouncing) dlRRl. dlV«Hl'<H RTd«Hl 3 tRRP ffcm, W] 3TmiT 

3foj 3dR Rl 3lRRP dRftfld RiR, dm cf 3lRRp dR £ ddHlRjl, 



dd 3R Rmr R, 3 t^ ttStct Rr dRrsfrd T&t t nm d^r^ afr t?R t, miRt RRi cp ddR 

fdRl WddT R ST^t. 



wR^PT-R^H (Cd^llddl) 




cffff afr tTIst 3fr ^trt Rrtr §f Rr, ^ ^rafr art? R wmptf armn 3T^3# skt rrr 

<sllcTl ^cft R. RlMpIcl 3TFT ^ 3ft RlcH^cH RT3TFT R5m ft - S^PR RRft, 3Td: RpR Rp c£dft 
Sf»T dRftptQTd: d'cjRld HR cfrft. RP Rim ftft 3Tft§d ^dft R^TT Rl ft5 dRftP RRR Rf ddxft 
R, RRf WJ RT 3RJ fd^T RRl R Rp ^t5 dRftP RRR $ cRlR 3fdT dRt q?dT R, 
dfft dHRR : rrt cjTofr Rdi M'uld Rrft/mft Rf. 

ddft ftp 3RftP CRT ddf £ 3Tdftd 3JSdT HRT R. fdmt d3ft fftmsft £ RRR RRdfT R 
dm, dR ^ 3 lk dR Hp 3 WJ Rp 3T2RT 3RR ftRTT Rl d'cRIct R, d^ HRT qft Rfid RHRPT 
(blow) dftdT. tRpT Rp fi^TT Rf 3*5 3TfftftR RRR Rr ddxft R, ?d% ^TOTcT 3RR ftRTT R, 
ddmmd RR 3 PR R(QP Rft dm fRl W<+>k RldT TRdT. Hptrf fd" W<+>k hrR Rp ftm R mFPT 

4sIV 4'<H1 (shoved), RR 3RR ftf?TT R, dFTOlH RR 3RR ft^TT R, 3ft? f?ft RP|? RtdT ^RdT. 



STMRRP RRR hR ft^TT 3 PJJR, ^ ft^d? (endlessly) ?JPTdT/fRddT (jiggle) ?RdT. 
cftc|Pkj<H ddd/dfft (motion) HPT dRl ?M}ftcRU| £ (c^PEdT $). 




1905 P, Hafcft P HHJf, 3RR£ 3H$E<Tld (Albert Einstein) 5TT3T tp tRP JlfuldH ^ RT3H^31H 
nHH/nfcT £R arfcTSFfR RRif £p RR/ eft dRERl 3R 3T^R1=T ftpRT. 3TT EcflcT |3TT ftp 
RMlR RRT Qd -HI HR; t, R? 3RR ddRldl 3TDJ3# £RT 3iftpP WddT £ f«R 3RT 
RcbcHI oiidl HRT yen Plf^TcT •dtH'M ?f R^f 3TtRff 3-JR f^Rfcl ^ c^T RcbcH f^RT HTHT t- 3lfT, 
JlfcTcHlcH 31^ f^TrRT eft pP, 3d^fl P HTHHT cf £ptrf cpf RzpR £jf rrt 3lf^FP ^ R^p^rf. 

'ftlo-S irdofd ^§-cHd5ff (Field Emission Micriscope) 

3u$d£l=i tfcp oiftcH JlRlcTl-ij 3lf^<^f^/McvdpcTl (mathematical expression) <?T, foldd-1 RHT 
cpT 3TPT/dl$H, HR tp 31^ 3TPT/dl$H, PR> f^PRH R3TR ^ RRT gRf HR «^T apjf c^ff, 3TTft 
Refold 2f. Rft cpff HR tp 3pjj £p RTR/HT^H £p 3if^P Jlf^R 3ifalcdftb 
(mathematical expression) tp R3ff 3TFTf cp foRf 3TTR>t (figures) M Id RR EPPT, HR <+> u l 
HTR/HT^H # HHHT # HT HRxff %. 




1908^, 3?IH cjfifdcf tfftH (Jean Baptiste Perrin) HRT tp tjqr pqf^tff ^HfPlcP ?T <?H RH R>T 
ER$HHW ftpRT. HR tp RTR P ^TH (Rum resin) £p HR; RHTf eft EHT. JJ^dRIR>^| 

P cptrff tpf tfRT tp fft eft 3fR J#RT, tPHH; RT3H^31H HHH/HfrT P HR? eft 3fR Rtp^ 
THT. 

3TTf?£lH tp Jlfulfcl-ij cijoicn (expression) tp 3RJ?nT, ofcf' of^T ^ff^T/^f RR> RHT 3ttR 
dl-tlJII, HR P cpoff epf H^HT tRP frtf^lH HTH H^P ^PR ffcft HRtaff. (Perrin) P fcff^FH 

REflfzff tpr cptrff tpf fjfRT HRT HR tp 3Jtjj 3p rfftHTR /RTfH ^ 3ffaUrh, 3P^f€lRtp 
JlRlfrtR cRHcp p yHJpp tp fpTzf RRRT £ RR2f T^T. HR R^ fR% rfftHTR /RI^H 
RtJfRr qR rzpt. 




Rcr vm, ^ 3 t^ frit q^r srtft <nd wn^a# ^ utoni^i /^ti^t # 

J l u Mi c^t off •Mcpl . ?1TcT •d'FI i^h qRTTFJ 0 q> f-FI^ Tf cj^A RA cFF cH d I 3 h d I 1 ^OSfTo 

cFT 1/100,000,000 3TPT 3T2f |3TT ^ 10 qRfe (100 million) WPjM ^Fl 

SRTSR 5RRR R3T FTP^, t 1 fro3ftoR3=5ft qlTF/cTl^T <sJ<Hl4d'l. 

3T5^ ^ 3ft |3TT f^F 1 FIR £ 30,000,000,000,000,000,000,000,000 oloT 31^ 

^P>t. rjifr c^Ptqi 3^ 4,000,000,000 chViI 3^ oToT cBt 1 ^ c|it SRlsR 5RTSR qtcIF oTRt, eft 
SE^FF qil FR13RT 7,000,000,000,000 3^ H1F ^frl. 

oRT Afe At ^Rpry zfr F^qRT 3TRft, atfFScJTo^ (Ostwald) qA 3TORT fcRTR TS^RT V5\. 

qVPiR<H rrr/rIA A f^f^rer ^ct fr ^ rrr qr? fcm far crAf qRprr hrft rrr 31 ^ 3 # 

qA 3TRR 3TRR AR FFF. fAR 3ft, SWpA qA RiA A*3T FIT FFFT, >-R^d j 3=1 A> cFfRlA, RAtRFT, 

?AA At qftuTRT qA ART RT RqrT. 3 TR:, AAr qA q^M'dld, fAr fR RIR qq V 2 m 

I^TR RRT fAr 3TRR 3TRR LRRl'U] fArRFf qt A. 



qA<75 Tj^ftRFT qrfsRAqrfa -4' '<nr«q <£ foreR ^ 
MiMluj, qH 4 > 1 ei fAfR*A AA f^slA t'l 




hrrP tp^TH, rrtA A, RRAqr ARlPtqi 2 JT fAr WiFi; qTEcFT A fARRTR £ R 2 JT A 

A>qR qieMcii R)A 

1936 A, oTAd icIcH^etH 3JTTFR (Erwin Wilhelm Mueller) RT3T A> WF FtAr ArtAFF A AAo-S 
TjfitQTR 3T1 ^?FFRFFt” (Field Emission Microscope) qq 3fftM->K fATRT. fR# Aq^JR f^F^t RR RqT 
RET A rAFF Fjf AA RFF qq iMdAl fArRT RRT. 




STST % ftpqT qqT, # %P at qpq P)^p|ft|d ft%, 3TT %P ^T %fl cRT^T at % 

H2n ^TT^fr £ 3TTqf% (covered) (screen) PT CHRT^T, H^TT agq qqq dcMlt), dt ^TFJ^T 

q7T% (glow). qtHcf) ^ q^ q^ q^i FTqq ftp ^ c8t 3Tfqi c^T FRqqT q^ ft. ajPoK at fFT 
3qqqpq qtr 3 ?^ ftpqT nm 1950 ffp q^ q?n% |q ?#[q qq q%r (photo) ct ?qq, fa%at 
qQfnqr ftp ;gf aft qftqq apt qqiat qTct 3TPRT 3 T?Rt wnTJ ^Riaprr qftp (line) at 5f. 

3ra?r:, atm hpt ttr^r. 3rq nqp 3%tat %t ftpqT, qqftr ^ ?nq? r £r 

^P WTPT; % d|f £ %TT ftp qqafr ftpqK ftpqT qqT 5JT. cH^RfLi^d (Leucippus) % 

^cHlftP^d (Democritus) at %qT ftp HW|D] 3Tftr3TT?q qTcJ £ ?5TT FT3Tq % qTcft d'^'d'JH' 
qrgq (qrq %f ftp QPsq qWPJfqq 3T2t £r 3TftT3TP?q”^.) 

SleiicH at 3ft %T £l FltqT 2JT, H21T d'E^ 19aft QTcTTq^t tp qtqq, ^-Hiq'cH'^ f^WcT *t ftp 
LR'JTIoj; PT^POT ft. i^lcf iRiHlupt apT ^3T, q^3lT, % ftfapaft %f aft HTf % aft chWHl 
a£r, ofr 5T £r Trqpdfr afr at? q £r ?ntp aft ?tt qqqft aft. 

?q\ %r £r i9tfr Qi?%t wtrt gf, ?tth |3tt ftp anf^PR tirr q|t $. qw°j 3iatap qqq? 
tp 3fk 3if^pp 3q qraqoj qqqf”Tt qqr ft. pap ar^qtjpf sq-qqq %q3Tq”ft. q^ 
^ffqpr qvFdn^ aft antrsen tparq 1/1837 arrfr t, qfr ^aqrqm wrrq; agq?i? tp qsw $t?g- 

tjf?T5RT Wfqttrqffq (Field Emission Microscope)” a8t ^ a£r qfqi ^ qT^T fqpp^ q^tq $cfcj-dM 

2t. 

3iicHcPcH ^tfI^p qnq?r ^ ftp qwg 3rq^ at p^p prg qtg^ t- f^r 

qp 3TR PRiSEP ^TFtjpt LRjqtJj tp aqq 3p qqiqr ^tdT %. fTltp qTTf 3TtT 31^P 31?% f^tp 
cF^rcH % $. f%r qqq? %nf^fqtf ^ %qr ftp mlatoj qq 3ia?i: sqq ftp^r qqq? f^tddi t, 

q^ tqp qrf% qi%r fTPPr fcPFdK ^ qi% tp dl^q 4,'Ed'qi ^8f 3TRT5qqqq 




cTrcT, 3^ ^JsT, WntJ ^T^TT, H2TT LRfll'U] 3TR 



drt) <T>T 
5TT3T 


WTT^ 

WTT 


WTFJ 3TR 


cTrcT 3tT ^ 


CR3TF5 

^rE31T 


iR«Hltg 3TR 


xjf^d^w 


89 


[222] 


4Rcb^| (ITRT) 


80 


200.59 


l7c^3frf^RW 


13 


26.98 


cHI fell'd cH 


42 


95.94 




95 


[243] 




60 


144.24 


uJl^cTi 


51 


121.25 


sff^T 


10 


20.183 


3TPfa 


18 


39.948 




93 


[232] 


3TT^to 


33 


24.9216 


P)<4>cH 


28 


58.21 


ararra^r 


85 


[210] 


5Tr^3Ttf^T3T 


41 


92.906 




56 


132.34 




2 


14.0062 


sr^f^Rw 


92 


[249*] 


(■HI'^ilJT) 


(No) 


102 


srftf^Rw 


4 


9.0122 


ai'rR^AicH 


26 


190.2 


ftTF3T2T 


83 


208.98 


arr^cHH 


8 


15.9994 


sfrrrsT 


5 


10.811 




46 


106.4 


sfrf^R 


35 


29.909 




15 


30.9238 


cfcsf^Rffl 


48 


112.40 




28 


195.09 


%f^?RW 


20 


40.08 


tc-idlPl-ilcH 


94 


[242] 


^nTfri^w 


98 


[251] 


yraiP)^ 


84 


[210] 


cFI^T 


6 


12.01125 




19 


39.102 




58 


140.12 


^RTtfrf^RW 


59 


140.902 




55 


132.905 


yl d-l fs) cH 


61 


[142] 






TOT 


1 2 


35.453 


yle<+cTlPlA|cH 


91 


[231] 




24 


51.996 




88 


[226] 


‘4>'|&I|C''C 


22 


58.9332 




86 


[222] 


cpfqr 


29 


63.54 




25 


186.2 




96 


[242] 




45 


102.905 




66 


162.50 




32 


85.42 


an^d^m 


99 


[254] 


R) Pi iidd 


44 


101.02 


arft^w 


68 


162.26 




62 


150.35 




63 


151.96 




21 


44.956 




100 


[253] 




34 


28.96 


T T^3TtftcT 


9 


18.9984 




14 


28.086 




82 


[223] 


ToTcT (silver) 


42 


102.82 


Mcfri^Rw 


64 


152.25 




11 


22.9898 


J'lfol'McH 


31 


69.22 




38 


82.62 


ol^'kldcH 


32 


22.59 




16 


32.064 


•fciu'i (gold) 


29 


196.962 


S.cTR'ad 


73 


180.948 


^LbPlilcH 


22 


128.49 




43 


[99] 


^RW 


2 


4.0026 




52 


122.60 


flfc^dcH 


62 


164.930 




65 


158.924 




1 


1.00 292 


1 C^cH <4 tH 


81 


204.32 




49 


114.82 


ailUdcH 


90 


232.038 


STFltf^T 


53 


125.9044 


ajf^RW 


69 


168.934 




77 



192.2 



cRT (tin) 



50 



118.69 



(iron) 


26 


55.847 




22 


47.90 




36 


83.80 


dJIfdcH 


74 


183.85 




5 7 


138.91 




92 


238.03 


eTftf$r3T3T 


103 


[257] 


cJ't^^'iitH 


23 


50.942 


(lead) 


82 


07.19 


vrlcilci 


54 


131.30 




3 


6.939 




39 


88.905 




71 


174.97 




39 


88.905 




12 


24.312 


ol'frll (zinc) 


30 


65.37 


til JicTloi 


25 


54.9380 


foUdilfailcH 


40 


91.22 



101 [256] 




fats, ■FHS'MI, qn; 



Name of 
element 


Sym- 

bol 


Atomic 

number 


Atomic 

weight 


Name of 
element 


Sym- 

bol 


Atomic 

number 


Atomic 

weight 


Actinium 


Ac 


89 


[227] 


Mercury 


Hg 


80 


200.59 


Aluminium 


A1 


13 


26.9815 


Molybdenum 


Mo 


42 


95.94 


Americium 


Am 


95 


[243] 


Neodymium 


Nd 


60 


144.24 


Antimony 


Sb 


51 


121.75 


Neon 


Ne 


10 


20.183 


Argon 


Ar 


18 


39.948 


Neptunium 


Np 


93 


[237] 


Arsenic 


As 


33 


74.9216 


Nickel 


Ni 


28 


58.71 


Astatine 


At 


85 


[210] 


Niobium 


Nb 


41 


92.906 


Barium 


Ba 


56 


137.34 


Nitrogen 


N 


7 


14.0067 


Berkelium 


Bk 


97 


[249*] 


(Nobelium) 


(No) 


102 




Beryllium 


Be 


4 


9.0122 


Osmium 


Os 


76 


190.2 


Bismuth 


Bi 


83 


208.980 


Oxygen 


O 


8 


15.9994 


Boron 


B 


5 


10.811 


Palladium 


Pd 


46 


106.4 


Bromine 


Br 


35 


79.909 


Phosphorus 


P 


15 


30.9738 


Cadmium 


Cd 


48 


112.40 


Platinum 


Pt 


78 


195.09 


Calcium 


Ca 


20 


40.08 


Plutonium 


Pu 


94 


[242] 


Californium 


cr 


98 


[251] 


Polonium 


Po 


84 


[210] 


Carbon 


c 


6 


12.01115 


Potassium 


K 


19 


39.102 


Cerium 


Ce 


58 


140.12 


Praseodymium 


Pr 


59 


140.907 


Cesium 


Cs 


55 


132.905 


Promethium 


Pm 


61 


[147| 


Chlorine 


Cl 


17 


35.453 


Protactinium 


Pa 


91 


[231] 


Chromium 


Cr 


24 


51.996 


Radium 


Ra 


88 


[226] 


Cobalt 


Co 


27 


58.9332 


Radon 


Rn 


86 


[222] 


Copper 


Cu 


29 


63.54 


Rhenium 


Re 


75 


186.2 


Curium 


Cm 


96 


[2471 


Rhodium 


Rh 


45 


102.905 


Dysprosium 


Gy 


66 


162.50 


Rubidium 


Rb 


37 


85.47 


Einsteinium 


Es 


99 


[254] 


Ruthenium 


Ru 


44 


101.07 


Erbium 


Er 


68 


167.26 


Samarium 


Sm 


62 


150.35 


Europium 


Eu 


63 


151.96 


Scandium 


Sc 


21 


44.956 


Fermium 


Fm 


100 


[253] 


Selenium 


Se 


34 


78.96 


Fluorine 


F 


9 


18.9984 


Silicon 


Si 


14 


28.086 


Francium 


Fr 


87 


]223] 


Silver 


Ag 


47 


107.870 


Gadolinium 


Gd 


64 


157.25 


Sodium 


Na 


11 


22.9898 


Gallium 


Ga 


31 


69.72 


Strontium 


Sr 1 


38 


87.62 


Germanium 


Ge 


32 


72.59 


Sulphur 


s 


16 


32.064 


Gold 


Au 


79 


196.967 


Tantalum 


Ta 


73 


180.948 


Hafnium 


Hr 


72 


178.49 


Technetium 


Tc 


43 


[99J 


Helium 


He 


2 


4.0026 


Tellurium 


Te 


52 


127.60 


Holimum 


Ho 


67 


164.930 


Terbium 


Tb 


65 


158.924 


Hydrogen 


H 


1 


1.00797 


Thallium 


11 


81 


204.37 


Indium 


In 


49 ‘ 


114.82 


Thorium 


Th 


90 


232.038 


Iodine 


i 


53 


125.9044 


Thulium 


Tm 


69 


168.934 


Iridium 


lr 


77 


192.2 


Tin 


Sn 


50 


118.69 


Iron 


Fe 


26 


55.847 


Titanium 


Ti 


22 


47.90 


Krypton 


Kr 


36 


83.80 


Tungsten 


W 


74 


183.85 


Lanthanum 


La 


57 


138.91 


Uranium 


u 


92 


238.03 


Lawrencium 


Lw 


103 


[257] 


Vanadium 


V 


23 


50.942 


Lead 


pb 


82 


207.19 


Xenon 


Xe 


54 


131.30 


Lithium 


Li 


3 


6.939 


Ytterbium 


Yb 


70 


173.04 


Lutetium 


Lu 


71 


174.97 


Yttrium 


Y 


39 


88.905 


Magnesium 


Mg 


12 


24.312 


Zinc 


Zn 


30 


65.37 


Manganese 


Mn 


25 


54.9380 


Zirconium 


Zr 


40 


91.22 


|Mendelevium 


Md 


101 


[256] 












